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Magnetic sensor and manufacturing method therefor 



(57) A magnetic sensor comprises magneto resis- 
tive elements (31) and permanent rnagnei films (32), 
which are combined together ic form GMR elements 
(11-14. 21-24.) formed on a quartz substrate (2) having 
a square shape : wherein the permanent magnei films 
are paired and connected ic both ends of the magne- 
to resistive elements, so that an X-axis magnetic sensor 
and a Y-axis magnetic sensor are realized by adequate- 
ly arranging the GM R elements relative to ihe four sides 



of the qua riz substrate. Herein, the magnetization direc- 
tion of the pinned layer (PD) of the magnetoresistlve el- 
ement forms a prescribed angle of 45* relative Lo ihe 
iongitudinal direction of the msgnetoresistive element or 
relative to the magnetization direction of the permanent 
magnet film. Thus, It is possible to reliably suppress off 
set variations of bridge connections of ihe GMR ele- 
ments even when an intense magnetic field is applied; 
and it is therefore possible to noticeably improve the re- 
sistant characteristics to an intense maanetic field. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 J This Invention relates to magnetic sensors us- 
ing magneto res isiive elements such as giant magne- 
toresistive (QMR) elements This invention also relates 
to manufacturing methods for manufacturing magnetic 
sensors 

[QG02] This application claims priority on Japanese 
Patent Application No. 2002-304392 and Japanese Pat- 
ent Application No. 2003-65200, the contents of which 
are incorporated herein by reference 

Description of the Related Art 

[C0G3] Conventionally, various types of magnetic sen- 
sors using magneto resistive elements such as giant 
magneto resistive (GMR) elements have been devel- 
oped and reduced to practice. 

[0004] A typical example of a GMR element compris- 
es a pinned layer in which magnetization is pinned in a 
prescribed direction, and a free layer whose magnetiza- 
tion direction varies in response to an externa! magnetic 
field. That is. when an externa! magnetic fieid is applied, 
the GMR element presents resistance in response ic a 
relative relationship in magnetization direction between 
the pinned layer and free layer; therefore, ii is possible 
to detect the exierna! magnetic field by measuring the 
resisiance of the GMR element. 
[0C05] In order to detect minor external magnetic 
fields at a high accuracy ii is necessary for the afore- 
mentioned magnetic sensorto stably maintain the mag- 
netization direction of each of the magnetized sections 
of the free layer to match a prescribed direction (here- 
inafter, referred to as an initialization direction) under the 
condition where no external magnetic field is applied to 
the magnetic sensor. 

[0006] In general, a thin-film free layer is formed in a 
rectangular shape in plan view, so that a long side (e. 
g., a long axis or a longitudinal direction) of the rectan- 
gular shape is directed to match the aforementioned in- 
itialization direction so as to establish shape anisotropy 
in which the magnetization directions are aligned to 
match the longitudinal direction. 3y using shape anisot- 
ropy, the magnetization directions of the magnetized 
sections of the free layer are aligned to match the ini- 
tialization direction. In order to stably restore and main- 
tain the magnetization directions of the magnetized sec- 
tions of the free layer in the initialization direction over 
a iong term after an externa! magnetic fieid disappears, 
bias magnei: films corresponding to permanent magnets 
are arranged at both ends of the free layer in the long! 
tudinai direction, so thai a prescribed magnetic field of 
the initialization direction is applied to the free layer by 
ihe bias magnet films. 



[0007] In magnetoresistance-effect elements (i.e., 
magnetoresistive elements) of an AMR type, it is nec- 
essary to apply bias magnetic fields in order to increase 
sensitivities. In order to uniformly apply a bias magnetic 

5 field to four magnetoresistive elements, for example, 
they are inclined relative to a substrate by a prescribed 
angle of 45 c . An example of a magnetic sensor in which 
magnetoresistive elements are inclined relative to a 
substrate is disclosed in Japanese Patent Application 

10 Publication No. Hei 5-126577 (see paragraph [0016], 
and FIG. 5(a)). 

[0008] When an external magnetic field, which is rel- 
atively large and less than the coercive force of a bias 
magnet film and whose magnetization direction is oppo- 

15 site to the initialization direction, is applied to the con- 
ventionally-known magnetic sensor, each of the mag- 
netized sections of the free layer is changed in magnet- 
ization direction; thereafter, when the external magnetic 
field disappears, each of the magnetized sections of the 

^0 free layer cannot be restored and may not match the 
initialization direction. This deteriorates the detection 
accuracy of the magnetic sensor for sensing a magnetic 
field applied thereto. 

[0009] It is very difficult to form two or more magne- 
ts to resistive elements, in which the magnetization direc- 
tions of the pinned layers mutually cross each oiher, on 
a small substrate; therefore, no slngie chip having such 
a configuration has been developed and produced. That 
!s,theconventiorially-knownmagnel::csensorcannotbe 
30 reduced in size, and it is very difficult to broaden an ap- 
plication range therefor due ic a resirictiors regarding the 
magnetization direction of the pinned iayer. 
[0010] To cope with the aforementioned situation, it is 
possible to develop a two-axis magnetic sensor, using 
35 GMR elements, that can be reduced in size and that can 
be broadened in the application range, which is dis- 
closed in Japanese Patent Application No. 
2001-281703. 

[001 1] FIG. 26 is a plan view showing atwo-axis mag- 
40 netic sensor using GMR elements, wherein a magnetic 
sensor 101 comprises a quartz substrate 102 having a 
roughly square shape and a prescribed thickness as 
well as X-axis GMR elements 111 to 114, and Y-axis 
GMR elements 121 to 124. Herein, all of the X-axis GMR 
45 elements 111-114 are formed on the quartz substrate 
102 and are combined together to form an X-axis mag- 
netic sensor for detecting magnetic fields in the X-axis 
direction, and all the Y-axis GMR elements 121-124 are 
formed on the quartz substrate 102 and are combined 
50 together to form a Y-axis magnetic sensor for detecting 
magnetic fields in the Y-axis direction perpendicular to 
the X-axis direction. 

[0012] Two pairs cfihe X-axis GMR elements 111-112 
and 113-114 are respectively arranged in proximity to 
55 the midpoints on two sides of the quartz substrate 1 02. 
which cross at a right angle to the X-axis ; in such a way 
that they are arranged in paralie! with each other. Simi- 
larly, two pairs of the Y-axis GMR elements 121 122 and 
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123-124 are respectively arranged in proximity to the 
midpoints on two sides of the quartz substrate 102, 
which cross at a right angle to the Y-axis, in such a way 
that they are arranged in parallel with each other. 
[0013] The X-axis GMR elements 111 to 114 and the 
Y-axis GMR elements 121 to 124 differ from each other 
in their arrangements on the quartz substrate 102 and 
in their magnetization directions pinned in the pinned 
iayetG thereof. With the exception of these points, they 
are formed in the same configuration. 
[0014] Therefore, the X-axis GMR element 1 11 is tak- 
en as an example whose configuration is to be de- 
scribed below. 

[00153 As shown in FIGS. 27 and 28, the X-axis GMR 
element 111 comprises band-shaped spin valve films 
131 , which are arranged in parallel with each other, and 
bias magnet films 132, each of which corresponds to a 
thin film of a hard ferromagnetic substance, composed 
of CoCrPt and the iike, having a high coercive force and 
a high squareness ratio. 

[Q016] The spin valve films 131 are respectively 
paired and connected together via the bias magnet films 
132 at both ends thereof in such a way that one bias 
magnet film is arranged at one end of the 'paired' spin 
valve films, and the other bias magnetic film is arranged 
at the other end of the 'adjacent paired' spin valve films. 
In short, the spin valve fiirns 131 are connected together 
vla the bias magnet fiirns 132 in a zigzag manner. 
IC017J As shown in FIG. 23, the spin valve film 131 is 
formed in a sequential lamination of various layers on 
ihe quartz substrate 10.2, namely- a free layer F; a con- 
ductive spacer layer S, composed of Cu, having a film 
thickness of 2.4 nm (or 24 A); a pinned layer PD com- 
posed of CoFe: a pinning layer PN composed of PtMn; 
and a capping layer C made of a thin metal film com- 
posed of titanium (Ti), tantalum (Ta), and the like. 
[0018] The free layer F is changed in magnetization 
direction in response to the direction of an external mag- 
netic field applied thereto, and it is formed by a CoZrNb 
amorphous magnetic layer 131a having a film thickness 
of 8 nm (or 80 A), a NiFe magnetic layer 131b having a 
film thickness of 3.3 nm (or 33 A) that is laminated on 
the CoZrNb amorphous magnetic layer 131a, and a 
CoFe layer 131c whose film thickness approximately 
ranges from 1 nm to 3 nm (or 1 0 A to 30 A) that is lam- 
inated on the NiFe magnetic layer 131b. 
[0019] In order to maintain single-axis anisotrcpy of 
the free layer F, a bias magnetic field is applied to the 
free layer F by the bias magnet film 132 in the Y-axis 
direction shown In FIG. 27. 

[002C] The spacer layer S is a thin metal film com- 
posed of Cu or a Cu alloy. 

[0021] Both of the CoZrNb amorphous magnetic layer 
1 31 a and the NiFe magnetic iayer 131b are formed from 
soft ferromagnetic substances. In addition, the CoFe 
layer 131c blocks Ni diffusion of the NiFe magnetic iayer 
131b and Cu diffusion of the spacer layer S. 
[0022] The pinned layer PD is formed by a CcFe mag- 



netic layer 131 d having a film thickness of 2.2 nm (or 22 
A). The CoFe magnetic layer 131 d is backed by an an- 
tiferromagnetic film 131e, which will be described later, 
in a switched connection manner so that the magneti- 

s zation direction thereof is subjected to pinning (or an- 
choring) in the negative direction of the X-axis. 
[0023] The pinning layer PN is formed by the antifer- 
romagnetic film 131e having a film thickness of 24 nm 
(or 240 A) laminated on the CoFe magnetic layer 131 d, 

io wherein the antiferromagnctic film 1 31 e is composed of 
a PtNm alloy including Pt at 45-55 moi%. When a mag- 
netic field is applied in the negative direction of the X- 
axis, the aniiferromagnetic film 131e is changed tc an 
ordered iattice. 

15 [0024] Hereinafter, the combination of the pinned lay- 
er PD and the pinning layer PN will be generally called 
a pin layer. 

[0025] Ail of the other X-axis GMR elements 112-114 
and the Y-axis GMR elements 121 -124 have the same 
20 configuration as the X-axis GM R element 1 1 1 described 
above; hence, the detailed descriptions thereof will be 
omitted, 

[0026] Next, a description will be given with respect 
to the magnetic properties (or magnetic characteristics) 
25 of the X-axis GMR elements 111-114 and the Y-axis 
GMR elements 121-124. 

[0027] FiG. 30 shows a graph regarding variations of 
resistance relative to the magnitude of an external mag- 
netic field applied to the X-axis GMR element 111 . Here- 

30 in. 'solid' curves represent hysteresis characteristics rel- 
ative to variations of the external magnetic field in the 
X-axis, in which me resistance varies approximately 
proportional Tc the external magnetic field in a pre- 
scribed range between -Hk and 4Hk, but the resistance 

35 is maintained substantially constant in both cf the ether 
ranges outside of the prescribed range. In addition, 'dot- 
ted' curves represent characteristics relative to varia- 
tions of the external magneticfield in the Y-axis, in which 
the resistance is maintained substantially constant. 

40 [0028] In FIG. 26. magnetization directions of pinned 
layers adapted to the X-axis GM R elements 111-114 and 
the Y-axis GMR elements 121 -124 are shown by arrows, 
which are directed opposite to each other. 
[0029] That is, both of the X-axis GMR elements 111 

45 and 112 have the same magnetization direction of the 
pinned layer that is pinned by the pinning layer along 
the negative direction of the X-axis. 
[0030] Both of the X-axis GMR elements 113 and 114 
have the same magnetization direction of the pinned 

50 layer that is pinned by the pinning layer along the posi- 
tive direction of the X-axis. 

[0031] In addition, both of the Y-axis GMR elements 
121 and 122 have the same magnetization direction of 
the pinned layer chat is pinned by the pinning layer along 
55 the positive direction of the Y axis. 

[0032] Both of the Y-axis GMR elements 123 and 124 
have the same magnetization direction of trie pinned 
layer that is pinned by the pinning layer 8k>ng the nog- 
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ative direction of the Y-axis. 

[0033] The aforementioned X-axis magnetic sensor is 
constituted by arranging the X-axis GMR elements 
111-114 in a full bridge connection as shown in FIG. 31, 
wherein arrows accompanied with blocks show magnet- 
ization directions of pinned layers pinned by pinning lay- 
ers, in the aforementioned constitution, a dc power 
source is used to apply voltage Vxin+ (e.g., 5 V) at one 
terminal and to apply voitageVxin- (e.g., 0 V) at the other 
terminal, whereby Vxout+ appears at a terminal H that 
is derived from the connection between the X-axis GMR 
elements 111 and 113, and Vxout- appears ataterminai 
L that is derived from the connection between the X-axis 
GMR elements i 12 and 114. Herein, it is possible to ex- 
tract a potential difference (or a voltage difference) (Vx- 
out* - Vxout-) as an output voltage Vxout. 
[0034] !n short, the X-axis magnetic sensor presents 
characteristics relative to variations of an external mag- 
netic field in the X-axis, in which, as shown by the solid 
curves in FIG. 32, the output voltage Vxout thereof is 
changed substantially proportional to the external mag- 
netic field in a prescribed range between -Hk and +Hk, 
and it is maintained substantially constant in other rang- 
es outside of the prescribed range. 
[0035] !n addition, the output voltage Vout is substan- 
tially maintained at 0 V relative to variations of the ex- 
terna! magnetic field In the Y-axis, which is shown by the 
dotted curves in FIG. 32. 

[0036] Similar to the aforementioned X axis magnetic 
sensor, the Y-axis magnetic sensor is constituted by ar- 
ranging the Y-axis GMR elements 121-124 in a fuil 
br idge connection as shown in F!G. 33. In this constitu- 
tion; a dc power sou ice Is used tc apply voltage vyirr* 
(e.g., 5 V) at one terminal and to apply voltage Vyin- (e. 
g., 0 V) at the other terminal, whereby Vyout+ appears 
at a terminal H that is derived from the connection be- 
tween the Y-axis GMR elements 122 and 124, and Vy- 
out- appears at a terminal L that is derived from the con- 
nection between the Y-axis GMR elements 121 and 123. 
Herein, it is possible to extract a potential difference (Vy- 
out-}- - Vyout-) as an output voltage Vyout. 
[0037] In short, the Y-axis magnetic sensor presents 
hysteresis characteristics relative to variations of an ex- 
ternal magnetic field in the Y-axis, in which, as shown 
by dotted curves in FIG. 34, the output voltage Vyout 
thereof is changed substantially proportional to the ex- 
ternal magnetic field in a prescribed range -Hk and +Hk, 
and it (s maintained substantially constant in other rang- 
es outside of the prescribed range. 
[0038] in addition, che output voltage Vyout is sub- 
stantially maintained at 0 V relative to variations of the 
external magnetic field in the Y-axis, which is shown by 
the solid curves in FIG. 34. 

SUMMARY OF THE INVENTION 

[0039] it is an object of the invention, to provide a mag- 
netic sensor that can be controlled In offset variations, 



regardless of the influence of an intense magnetic field 
applied thereto, so as to improve the magnetic charac- 
teristics with respect to the intense magnetic field. 
[0040] It is another object of the invention to provide 
5 a manufacturing method for manufacturing the afore- 
mentioned magnetic sensor. 

[0041 ] A magnetic sensor of this invention comprises 
magnetoresistive elements and permanent magnet 
fiims, which are combined together to form GMR eie- 

10 merits formed on a quart? substrate having a square 
shape, wherein the permanent magnet films are paired 
and connected to both ends of the magneicresisilve el- 
ements. That is, the magnetic sensor detects the mag- 
nitude cf an external magnetic field applied thereto in 

is two axial directions, so that an X-axis magnetic sensor 
and a Y-axis magnetic sensor are realized by adequate- 
ly arranging the GMR elements relative to the four sides 
of the quartz substrate. In particular this Invention is 
characterized in that the magnetization direction cf the 

20 pinned layer of the magnetcresistive element forms a 
prescribed angle of 45° relative to the longitudinal direc- 
tion of the magnetoresistive element Alternatively, the 
magnetization direction of the pinned layer of the mag- 
netoresistive element forms a prescribed angle of 45° 

25 relative to the magnetization direction of the permanent 
magnet film. Thus, it is possible to reliably suppress off- 
set variations cf bridge connections of the GMR ele- 
ments even when an Intense magnetic field is applied; 
and it is therefore possible to noticeably improve the re 

30 sistant characteristics to an intense magnetic field. 
[00421 A manufacturing method of the magnetic sen- 
sor ot this invention Is characterized in that an ordering 
heat treatment is performed by arranging a substrate on 
a magnet array in which a plurality cf permanent mag- 

35 nets are arranged such that adjoining permanent mag- 
nets differ from each other in polarity, wherein the per- 
manent magnets are positioned respectively or selec- 
tively on the four corners of a cell (corresponding to the 
quartz substrate) within the substrate, which is then 

40 heated. Alternatively, the ordering heat treatment is per- 
formed by arranging the substrate such that the mag- 
netization direction of the pinned layer of the magne- 
toresistive element matches the diagonal line of the sub- 
strate, which is then heated, wherein the permanent 

4 5 magnet films are adequately magnetized using a mag- 
net array in which adjoining permanent magnets differ 
from each other in polarity. 

[0043] Thus, it is possible to produce the magnetic 
sensor, in which the magnetization direction or the 
50 pinned iayor of the magnetoresistive element forms a 
prescribed angle of 45° relative to the magnetization di- 
rection of che permanent magnet fiim. by simple proc- 
esses with ease. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] T hese and other objeccs ; aspects, and embod- 
iments or the present invention will be described in more 
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detail with reference to the following drawings, in which: 

FIG. 1 is a plan view showing a magnetic sensor 
using GMR elements in accordance with a first em- 
bodiment of the invention; 5 
FIG. 2 is a plan view showing a quartz substrate 
arranging GMR elements for use in the manufacture 
of the magnetic sensor of the first embodiment; 
FiG. 3 Is a pa.tiai plan view showing a metai plate 
for use In the manufacture of the magnetic sensor 10 
of the first embodiment; 

FIG. 4 is a partial plan view showing a metai plate 
for use in the manufacture cf a conventional mag- 
netic sensor; 

FIG. 5 is a plan view showing sensing directions F1 15 
and F2 with regard to X-axis and Y-axis GMR ele- 
ments incorporated in the magnetic sensor of the 
first embodiment, 

FiG. 6 is a plan view showing the arrangements of 
GMR elements and permanent magnets on the 20 
quartz substrate for use in the manufacture of the 
magnetic sensor of the first embodiment; 
FiG. 7 is a bicck diagram simply showing a bridge 
connection established among the X-axis GMR el- 
ements; 25 
FiG. 8 is a bicck diagram simply showing a bridge 
connection established among the Y-axis GMR el- 
ements; 

F!G. 9 is a graph showing the magnetic character- 
istics of the X axis and Y-axis GM R eiements incor- 30 
poraxed in the magnetic sensor of the first embodi- 
ment; 

FIG. 1 0 is s graph showing ins magnetic character- 
istics of the X-axis and Y-axis QMfi elements incor- 
porated in the conventional magnetic sensor; 35 
FiG. 11 A Is a cross sectional view showing a com- 
bination of a substrate and a metal plate for holding 
permanent magnets in the manufacture of the mag- 
netic sensor; 

FiG. 11 B is a cross sectional view in which the sub- 40 
strate and the metal plate are fixed together using 
fixing members; 

FIG. 12 is a plan view showing a magnetic sensor 
in accordance with a second embodiment of the in- 
vention; 45 
FIG. 13 is a plan view showing a magnet array for 
use in the magnetic sensor of the second embodi- 
ment, in which a plurality of bar magnets are ar- 
ranged in parallel; 

FIG. 1 4A is a cross sectional view showing a si i icon so 
substrate in which slots are formed in parallel with 
each other in the manufacture of a modified exam- 
pie of a magnet an ay for use in the magnetic sensor 
of the second emoodiment; 

FiG. 145 is a cross sectional view showing the mag- 55 
net array in which bar magnets are respectively in- 
serted into the slots of the silicon substrate; 
FiG. 1 5 is a partial perspective view in cross section 



showing an arrangement of the bar magnets of dif- 
ferent polarities inserted into the slots of the silicon 
substrate; 

FIG. 16 is a plan view showing the positional rela- 
tionships between the bar magnets of different po- 
larities and a quartz substrate derived from a quartz 
glass; 

FIG. 17A is 3 cross sectional view showing a sub- 
strate in which slots are formed In parallel with each 
other in the manufacture of a modified example cf 
a magnet array for use in the magnetic sensor of 
the second embodiment; 

FIG. 1 7B is across sectional view showing the mag- 
net array in which bar magnets are respectively in- 
serted into the slots of the substrate; 
FiG. 1 8 is a partial perspective view in cross section 
showing an arrangement of the bar magnets of the 
same polarity inserted into the sicts of the substrate; 
FIG. 19 is a plan view showing the positional rela- 
tionships of the bar magnets cf the same polarity 
and a quartz substrate; 

FIG. 20 is a plan view showing a quartz giass on 
which GMR elements and bar magnets are ar- 
ranged in the manufacture of a magnetic sensor in 
accordance with a second embodiment of the in- 
vention; 

FIG, 21 is a plan view showing an arrangement cf 
the GMR eiements of the magnetic sensor of the 
second embodiment in connection with X-axis and 
Y-axis sensing directions; 

FIG. 22 is a plan view showing an arrangement of 
permanent magnets relative to the GMR eiements 
formed on the quartz substrate tor use in the man- 
ufacture of the magnetic sensor of the second em- 
bodiment; 

FIG. 23 is a plan view showing a magnetic sensor 
in accordance with a fourth embodiment of the in- 
vention; 

FIG 24 is a plan view showing an arrangement of 
GMR elements on a quartz glass in the manufacture 
of the magnetic sensor of the fourth embodiment; 
FIG. 25 is a plan view showing sensing directions 
actualized by the magnetic sensor of the fourth em- 
bodiment; 

FIG. 26 is a plan view showing a two-axis magnetic 

sensor using GMR elements; 

FIG. 27 is a plan view showing the configuration of 

a GMR element for use in the two-axis magnetic 

sensor; 

FiG. 28 Is a cross sectional view taken along line 
A-A in FIG. 27; 

FIG. 29 is a cross sectionai view diagrammatical iy 
showing the constitution cf a spin valve fiim used in 
the GMR element shown in FIG. 27; 
FSG. 30 is a graph showing the magnetic character- 
istics of the GMR element: 

FiG. 31 is a block diagram simply showing a full 
bridge connection of GMR eiements adapted to an 
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X-axis magnetic sensor; 
FIG. 32 is a graph showing the magnetic character- 
istics of the X-axis magnetic sensor; 
FIG. 33 is a block diagram simply showing a full 
bridge connection of GMR elements adapted to a 5 
Y-axis magnetic sensor; 

FIG. 34 is a graph showing the magnetic character- 
istics of the Y-axis magnetic sensor; 
FIG. 35 is a plan view showing the formation of 
GMR element films on a quartz glass,, which is used 10 
in in e manufacture of the two- axis magnetic sensor; 
F!G. 36 is a plan view shewing a meta! plate arrang- 
ing permanent magnets, which is used to manufac- 
ture the two- axis magnetic sensor; 
FIG. 37 is a cross sectional view taken along line *s 
B-B in FIG. 36; 

FIG 38 is apian view showing a transparent quartz 
giass piate for use in the manufacture of the two- 
axis magnetic sensor; 

FIG. 39 Is a cross sectional view showing that per- po 
manent magnets of a magnet array are adhered to 
the transparent quariz glass plate; 
FIG. 40 is a cross sectional view showing that a 
quartz glass and the transparent quartz glass plate 
holding the permanent magnets are fixed together 25 
via fixing members; 

FIG. 41 is a perspective view diagrammaticaliy 
shewing the di recti oris of magnetic forces appiied 
among permanent magnets, which are arranged 
adjacent to each other in the magnet array; 30 
FIG. 42 is a plan view shewing the method in which 
thin magnetic films are magnetized under influenc- 
es of permanent magnets in the manufacture 0? the 
iwo-axis magnetic sensor; and 

FiG. 43 Is a table showing the exper imental results ss 
upon comparison between the embodiments and a 
comparative example corresponding to a two-axis 
magnetic sensor. 

DESCRIPTION OF THE PREFERRED 40 
EMBODIMENTS 

[0045] This invention will be described in further detail 
by way of examples with reference to the accompanying 
drawings. 45 

1 . First Embodiment 

[00461 FIG. 1 is a plan view showing a two-axis mag- 
netic sensor using GMR elements in accordance with a so 
first embodiment of the invention. 
[0047] That is. a magnetic sensor 1 comprises a 
quairz substrate 2 having a prescribed thickness and a 
roughiy square shape, X-axis GMR elements 11 to 14 
that are formed on the quartz substrate 2 so as to form S3 
an X-axis magnetic sensor for detecting magnetic fields 
in an X1-axis direction, and Y-axis GMR elements 21 to 
24 that are formed on the quaitz substrate 2 so as to 



10 

form a Y-axis magnetic sensor for detecting magnetic 
fields in a Y1-axis direction, which is perpendicular to 
the X1-axis direction. Specifically, the sensing direction 
of the X-axis magnetic sensor lies in the X1-axis direc- 
tion that is formed 45° relative to the X-axis direction, 
and the sensing direction of the Y-axis magnetic sensor 
lies in the Y1 -axis direction that is formed 45° relative to 
the Y-axis direction. 

[0048] !n the above, it is possible to substitute silicone 
for the material of the quartz substrate 2. 
[0049] In FIG. 1, the X-axis GMR elements 11 to 14 
are paired and respectively arranged in proximity to the 
midpoints on two sides of the quartz substrate 2, which 
are perpendicular to the X-axis, in such a way that they 
are arranged in parallel with each other. Similarly, the Y- 
axis GMR elements 21 to 24 are paired and respectively 
arranged in proximity to the midpoints on the other two 
sides of the quartz substrate 2, which are perpendicular 
to the Y-axis, in such a way that they are arranged in 
parallel with each other. 

[0050] Each of the X-axis GMR elements 11-14 and 
the Y-axis GMR elements 21-24 is constituted by a plu- 
rality of band-shaped magnetoresistive elements 31, 
which are composed of spin valve films arranged In par- 
allel with each other and a plurality of permanent mag- 
net films 32. which are connected with both ends of the 
magnetoresistive elements 31 in longitudinal directions 
and which are composed of thin films of a hard ferro- 
magnetic substance such as CoCrPt having & high co- 
ercive force and a high squareness ratio, wherein a pre- 
scribed angle of 45 c Is formed between the longitudinal 
direction of the magnetoresistive element 31 and the 
longitudinal direction of the adjoining permanent mag- 
net film 32. 

[0051] In addition, each of the magnetoresistive ele- 
ments 31 is arranged in such a way that the longitudinal 
direction thereof forms a prescribed angle of 45° relative 
to the proximate side of the quartz substrate 2. In addi- 
tion, each of the permanent magnet films 32 is arranged 
in such a way that the longitudinal direction thereof is in 
parallel with the proximate side of the quartz substrate 
2, wherein the permanent magnet film 32 arranged at 
one end of the magnetoresistive element 31 differs from 
the other permanent magnet film 32 arranged at the oth- 
er end of the magnetoresistive element 31 in the dis- 
tance measured from the proximate side of the quartz 
substrate 2. 

[0052] The magnetization direction of the free layer of 
the magnetoresistive element 31 lies in the longitudinal 
direction thereof, and the magnetization, direction of the 
permanent magnet film 32 also lies in the longitudinal 
direction Vhzxeot Hence, a prescribed angle of 45° is 
formed between the magnetization direction of the free 
iayerof the magnetoresistive element 31 and the mag- 
netization direction of the permanent magnet film 32. 
[0053] in addition, the magnetization direction pinned 
in the pinned layer of the magnetoresistive element 31 
is formed 45° relative to the longitudinal direction of the 
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magnetoresistive element 31 . That is, the direction of a 
magnetic field applied in the ordering heat treatment is 
formed 45° relative to the longitudinal direction of the 
magnetoresistive element 31 . 

[0054] Furthermore, the magnetization direction 
pinned in the pinned layer of the magnetoresistive ele- 
ment 31 is identical to the magnetization direction of the 
permanent magnet film 32. That is, the direction of a 
magnetic field appiied in the ordering heat treatment Is 
identical to the direction of a magnetic fieid applied to 
magnetize the magnetoresistive elemeni 31 . 
[0055] The structure of the spin valve film of the mag- 
netoresistive element 31 is identical to the foregoing 
structure of tne spin valve film 131 used for the X-axis 
GMR elements 111-114 and the Y-axis GMR elements 
121-124; hence, the detailed description thereof will be 
omitted. 

[0056] The present embodiment is characterized in 
that each of the X-axis GMR elements 11-14 and the Y- 
axis GMR elements 21 -24 defines the magnetization di- 
rection of the pinned layer PD of the magnetoresistive 
element 31 so as to be identical to the magnetization 
direction of the permanent magnet film 32. 
[0057] In addition, the magnetoresistive element 31 
and the permanent magnet film 32 are connected to- 
gether insuch a way that the longitudinal direction of the 
free layer F is inclined against the longitudinal direction 
of the permanent magnet film 32 by 45°. 
[0C58] Next, a manufacturing method of the magnetic 
sensor i will be described in detail. 
[0059] A plurality qi island regions corresponding to 
the permanent magnet films 32, which are connected 
with GMR elements respectively, are arranged and 
formed on the surface of a rectangular-shaped quartz 
glass 41 . As shewn in FIG. 2, films N corresponding to 
the permanent magnet films 32 define regions M for ar- 
ranging the GMR elements, so that when the quartz 
glass 41 is subjected to a cutting process along break 
lines B and is thus divided into individual quartz sub- 
strates 2, the regions M are aligned to match prescribed 
positions of the X-axis GMR elements 11-14 and the Y- 
axis GMR elements 21-24. 

[0060] In addition, alignment marks (not shown) are 
formed on the four corners of the quartz glass 41 . After 
formation of the permanent magnet films 32, a film (or 
films) for forming the GMR elements is formed on the 
overall surface of the quaitz glass 41 . 
[0061] Next, as shown in FlG. 3, there is provided a 
meta! plate 44 in which a plurality of through holes 43 
each having a square-shaped opening are formed in a 
lattice-like manner. A plurality of permanent magnets 45 
each having a rectangular parallelepiped shape whes*? 
cross-sect! onai shape substantially matches the open- 
ing of the through hole 43 are respectively inserted into 
the through holes 43 in such a way that the upper end 
surfaces thereof are aligned substantially in the same 
plane In parallel with the surface of the metal plate 44, 
and the 'adjoining 5 permanent magnets 45 differ from 



each other in polarity, 

[0062] Next, there is provided a plate made of a trans- 
parent quartz glass, which has substantially the same 
shape as the metal plate 44. Similar to the foregoing 
5 plate 151 shown in FIG. 38, alignment marks 153 are 
formed at prescribed positions in correspondence with 
the through holes 43. 

[0063] In the above, the foregoing alignment marks 
152 are formed at the four comers of the plate in order 
io to establish prescribed positioning between the quartz 
glass 41 and the plate, wherein in the present embodi- 
ment compared with the foregoing example shown in 
FIG. 38, each of them is shifted in position in boih the 
negative direction of the X-axis and the negative direc- 
ts tion of the Y-axis by half of the length of the side of the 
quartz substrate 2, in other words, it is shifted by a half 
pitch. Of course, it is possible to form both of the align- 
ment marks 152 and the half -pitch shifted alignment 
marks on the plate 
20 [0064] A magnet array is constituted by arranging the 
permanent magnets 45 in a lattice -like manner, wherein 
the upper end surfaces of the permanent magnets 45 
are adhered to the lower surface of the plate by use of 
a prescribed adhesive. At this time, the prescribed po- 
25 sitioning is established between the permanent mag- 
nets 45 and the plate by use of the aforementioned 
alignment marks 153. 

[0065] Next, the metal piate 44 is removed, so that the 
magnet array is produced in which the permanent mag- 
so nets 45 are arranged in a lattice- 1 ike manner In such a 
way that the adjoining permanent magnets 45 differ from 
each other in poianiy. 

[0GS6] The quartz glass 41 and the plats are com- 
bined in such a way that the films M are brought into 

35 contact with the upper surface of the plate. Herein, the 
prescribed positioning is established between the 
quartz glass 41 and the plate by mutually matching half- 
pitch shifted alignment marks of the plate with the fore- 
going alignment marks of the quartz glass 41. Thus, it 

40 is possible for the four corners of the quartz substrate 
2, which forms an individual cell derived from the quartz 
glass 41 . to coincide with the centers of gravity of the 
permanent magnets 45 respectively. Thereafter, the 
quartz glass 41 and the plate are fixed together by using 

45 a plurality of fixing members such as clips. 

[0067] Next, the pinning layer PN of the magnetore- 
sistive element 31 is subjected to an ordering heat treat- 
ment, wherein the pinned iayer PD is subjected to pin- 
ning as well. 

50 [0068] Under the condition where the quartz glass 41 
and the plate are fixed together, as shown In FIG 2, per- 
manent magnets 45 are arranged at tne four corneis or 
the quartz substrate 2, which is divided by the subse- 
quent cutting process, in such a way that adjacent per- 

55 rnanent magnets differ from each other in polarity. 
Therefore, a magnetic field is caused to occur in a di- 
rection from the N poie of the permanent magnet 45 to 
the S pole of the other 'adjacent' permanent magnet 45, 
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wherein it is directed in parallel to each side of the quartz 
substrate 2. That is, a magnetic field is applied to each 
film M in a direction that is inclined by 45° with respect 
to the longitudinal direction of the pin layer of the mag- 
netoresistive element 31 . 

[0069] Next, the quartz glass 41 and the plate, which 
are fixed together using the fixing members, are sub- 
jected to a heat treatment for four hours under vacuum 
at a prescribed temperature ranging from 250° C to 
280° C. 

[0070] Thus, it is possible to complete an ordering 
heat treatment on the pinning layer PN within the pin 
layer of the magne tores istive element 31 belonging to 
each cf the X-axis GMR elements 11-14 and the Y-axis 
GMR elements 21-24. Herein, the pinned iayer PD is 
subjected to pinning in a switched connection manner 
[0071] Thereafter, the X-axis GMR elements 11-14 
and the Y-axis GMR elements 21-24 are subjected to 
patterning and are thus arranged in prescribed patterns, 
wherein the permanent magnets 32 are adequately con- 
nected together In a zigzag manner. 
[0072] The aforementioned magnetic sensor 1 has an 
X-axis sensing direction F1 and a Y-axis sensing direc- 
tion F2 with respect to the pin layers of the magnetore- 
sistlve elements 31 as shown in FIG. 5, wherein the X- 
axis sensing direction F1 is inclined by 45° relative to 
one side of the quartz substrate 2 . and the Y-axis sens- 
ing direction F2 is inclined by 45 & relative to the other 
side of the quartz substrate 2. 

[0073] Next ; the same magnet array Is used without 
changing the position thereof, so that, as shown in FIG. 
S, the permanent magnet films 32 are arranged to start 
magnetization ihereby under the condition where the 
permanent magnets 45 are arranged such that the cent- 
ers of gravity thereof coincide with the four corners of 
the quartz substrate 2 respectively. Herein, magnetiza- 
tion directions of the permanent magnets 32 are set to 
be identical to the magnetization directions of the pinned 
layers PD of the magneto resistive elements 31 . There- 
fore, the pinned layers PD of the magneto resistive ele- 
ments 31 are reliably subjected to pinning; hence, it is 
possible to produce the magnetic sensor 1 that is influ- 
enced by magnetization of the permanent magnets 32. 
[0074] FIG. 7 shows a bridge connection established 
among the X-axis GMR elements 11-14 forming the X- 
axis magnetic sensor incorporated in the magnetic sen- 
sor 1 , wherein reference symbol X 1 designates the X- 
axis GMR elements 11 and 12, and X 2 designates the 
X-axis GMR elements 13 ad 14. All the sensing direc- 
tions of the X-axis GMR elements 11-14 match the 
aforementioned X-axis sensing direction F1 shown in 
FIG. 5; hence , when an external magnetic field is ap- 
plied iii a direction opposite to the X-axis sensing direc 
tion F1 , a terminal 'L' becomes higher in potential corn- 
pared with another terminal 'H\ 

[0075] FIG. 8 shows a bridge connection established 
among the Y-axis GMR elements 21-24 forming the Y- 
axls magnetic sensor incorporated In the magnetic sen- 



sor 1 . wherein reference symbol Y-, designates the Y- 
axis GMR elements 21 and 22, and Y 2 designates the 
Y-axis GMR elements 23 and 24. All the sensing direc- 
tions of the Y-axis GMR elements 21-24 match the 

5 aforementioned Y-axis sensing direction F2 shown in 
FIG. 5; hence, when an external magnetic field is ap- 
plied in a direction opposite to the Y-axis sensing direc- 
tion F2, a terminal 'L' becomes higher in potential com- 
pared with another terminal 'H'. 

10 [0076] FIG. 9 shows the magnetic characteristics of 
the X-axis GMR elements 11-14 and the Y-axis GMR 
elements 21 -24 incorporated in the magnetic sensor 1 , 
and FiG. 10 shows the magnetic characteristics of the 
X-axis GMR elements 111-114 and the Y-axis GMR at- 

15 ements 1 21 - 1 24 incorporated in the foregoing magnetic 
sensor 101. Herein, solid curves represent the magnetic 
characteristics of the sensing directions of the GMR el- 
ements, and dotted curves represent the magnetic char- 
acteristics of the non-sensing directions of the GMR el- 

20 ements. 

[0077] As shown in FIG. 9. a hysteresis loop cannot 
be recognized with regard to the sensing directions of 
the GMR elements 11-14 and 21-24. In addition a hys- 
teresis loop may also be recognized with regard to the 

25 non-sensing directions of the GMR elements 11-14 and 
21 -24, whereas it disappears at or in proximity to a 'zero' 
value of the magnetic fieid; thus, it is possible to improve 
the resistant characteristics to an intense magnetic fieid. 
[0078] FIG. 10 shows that a hysteresis loop may be 

so recognized with regard to the non-sensing directions of 
the foregoing GMR elements Hi-114 and 121-124. 
wherein it lies in proximity to a 'zero' value of the mag- 
netic fieid; hence, the resistant characteristics to an in- 
tense magnetic field must be reduced. 

35 [0079] In summary, it is possible to noticeably improve 
the resistant characteristics to an intense magnetic field 
in the GM R elements incorporated in the magnetic sen- 
sor 1 of the present embodiment, in which each of the 
permanent magnet films 32 is arranged to form a pre- 

40 scribed angle of 46° relative to the longitudinal direction 
of each of the magneto resistive elements 31 , compared 
with the GMR elements incorporated in the foregoing 
magnetic sensor 101. 

[0080] As described above, the magnetic sensor 1 of 
45 the present embodiment is produced in such a way that 
the X-axis GMR elements 11-14 and the Y-axis GMR 
c-iements 21-24 are formed on the quartz substrate 2, 
wherein the magnetoresistive elements 31 thereof are 
arranged such that each of the magnetization directions 
^0 of the pinned layers PD forms a prescribed angle of 45° 
relative- to each of the magnetization directions of the 
free layers F. Therefore, even when an intense magnetic 
field is applied, rt is possible to reliably suppress offset 
variations of the biidges, which in turn contributes to a 
5B noticeable Improvement in the resistant characteristics 
to an intense magnetic field. 

[0081 ] According to the manufacturing method cf the 
magnetic sensor 1 of the present embodiment, the per- 
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manent magnets 45 are arranged at the four corners of 
the quartz substrate 2, which is divided in the subse- 
quent cutting process, in such a way that the adjoining 
permanent magnets 45 differ from each other in polarity, 
in which a magnetic field is applied to each permanent 
magnet film M in the longitudinal direction; therefore, 
even when an intense magnetic field is applied, it is pos- 
sible to reliabiy suppress offset variations of the bridge 
circuits. In summary, it is possible to produce the mag- 
netic sensor 1 , which can noiiceabiy improve the resist- 
ant characteristics to an Intense magnetic field, with 
ease by simple processes. 

[00821 The present embodiment uses the plate that 
has the through hoies 43 without changing the shapes 
and distances compared with the foregoing through 
holes 143, in which each of the alignment marks is shift- 
ed in position by a half pitch. Of course, it is possible to 
use another plaie in which each of the through holes is 
shifieci in position by a half pitch. In addition, it is possi- 
ble to use a plate in which both of the foregoing align- 
ment marks and the new alignment marks each shifted 
in position by a half pitch are formed. 
[0083] The magnet array adapted to the present em- 
bodiment is not necessarily limited to one in which the 
permanent magnets 45 are adhered to the plate 44 
made by the aforementioned quartz glass. That is, it is 
possible to use a substrate 46 composed of a Ni 42 Fe 58 
alloy, and a meta! plate 47 composed of tungsten (W) in 
which a plurality of through hoies 43 conforming with the 
exterior shapes of the permanent magnets 45 are 
formed, so that the substrate 46 and the metal plate 47 
are adhered togeiher as shown in FiG. 11 A, whereby 
The permanent magnets 45 are respectively inserted in- 
to the through hoies 43. 

[0084] Similar to the foregoing magnetic sensor 1 01 
in which the quartz glass 141 and the plate 151 are fixed 
together using the fixing members 155 such as clips 
(see FIG. 40), the quartz glass 41 is fixed usingthefixing 
members 155 as shown in FIG. 11 B. 
[0085] In the aforementioned magnet array, both of 
the Ni 42 Fe 58 alloy and tungsten (W) are close to silicon 
(Si) in terms of thermal expansion coefficient; therefore, 
even when a thermal expansion is caused to occur due 
to heating, there is no possibility of causing positional 
deviations between the substrate 46 and the metal plate 
47; hence, it is possible to improve the positional accu- 
racy of the magnet array. Herein . the metal plate 47 is 
used as a part of the magnet array and does not need 
to be removed, hence, il is possible to improve the hold- 
ing accuracy or the permanent magnets 45, and it is 
therefore possible to rnanufactuie the magnetic sensor 

1 with ease. 

2 Second Embodiment 

[0C86] F!G 12 is apian view showing a magnetic sen- 
scr 50 in accordance with a second embodiment of the 
invention, wherein GMR elements are arranged along 



the four sides of a quartz substrate 2, and each of them 
is constituted by magneto resistive elements 31 and per- 
manent magnet fiims 32. The magnetic sensor 50 of the 
second embodiment differs from the magnetic sensor 1 

5 of the first embodiment in that the longitudinal direction 
of each magnetoresistive element 31 lies parallel to the 
proximate side of the quartz substrate 2. 
[0087] Specifically, the magnetic sensor 2 comprises 
the 'roughly square-shaped' quartz substrate 2 having 

10 a prescribed thickness as well as X-axis GMR elements 
51-54 and Y-axis GMR elements 61 -64 that are formed 
on the quartz substrate 2. wherein the X-axis GMR ele- 
ments 51-54 form an X-axis magnetic sensor for detect- 
ing a magnetic field in the X-axis direction and the Y- 

15 axis GMR elements 61 -64 form a Y-axis magnetic sen- 
sor for detecting a magnetic field in the Y-axis direction. 
[0088] In the above, the X-axis GMR elements 51 -54 
are paired and respectively arranged in proximity to the 
midpoints of two sides of the quartz substrate 2 perpen- 

20 dlcular to the X-axis in such a way that the two pairs cf 
them are arranged in parallel with each other. Similarly, 
the Y-axis GMR elements 61 -64 are paired and respec- 
tively arranged in proximity to the midpoints of the other 
two sides of the quartz substrate 2 perpendicular to the 

25 Y-axis in such a way that the two pairs of them are ar- 
ranged in parallel with each other. 
[0089] Each of the X-axis GMR elements 51 -64 and 
the Y-axis GMR e'emenis 61-64 is constituted by mag- 
netoresistive elements 31 , each cf which is roughly 

30 shaped as a parallelogram and comprises band-shaped 
spin valve films arranged in parallel with each other, and 
permanent magnet films 32 that are connected with both 
ends of the magneto resistive element 31 in the longitu- 
dinal direction, and each of which is made by a roughly 

35 square-shaped thin film composed of a hard ferromag- 
netic substance such as CoCrPt having a high coercive 
force and a high squareness ratio, wherein the. magne- 
toresistive elements 31 and the permanent magnet films 
32 are arranged such that the longitudinal directions 

40 thereof conform with each other. 

[0090] Each of the magnetoresistive elements 31 is 
formed such that the longitudinal direction thereof lies 
in parallel with the proximate side of the quartz substrate 
2. In addition, each of the permanent magnet films 32 is 

45 formed such that the longitudinal direction thereof lies 
in parallel with the proximate side of the quartz substrate 
2. wherein the 'paired' permanent magnet films 32, 
which are connected with both ends cf the same mag- 
netoresistive element 31, are arranged with the same 

50 distance from the proximate side of the quartz substrate 
2. 

[0091] !n the above, the magnetization direction of the 
pinned layer is inclined by 45° relative to the ion gitudina! 
direction of the magnetoresistive element 31 . whereas 
55 the magnetization direction of the permanent magnet 
film 32 lies along the longitudinal direction of the perma- 
nent magnet film 32. That is, the magnetization direction 
cf the pinned layer of the magnetoresistive element 31 
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forms a prescribed angle of 45° relative to the magnet- 
ization direction of the permanent magnet film 32. 
[0092] Similar to the magnetic sensor 1 of the first em- 
bodiment, the structure of the spin valve film adapted to 
each of the X-axis GMR elements 51 -54 and the Y-axis 5 
GMR elements 61-64 is identical to the structure of the 
foregoing spin valve film 131 adapted to each of the X- 
axis GMR eiements 111-114 and the Y-axis GMR ele- 
ments 121 124; hence, the detailed description regard- 
ing the structure of the spin yalve film will be omitted. io 
[0093 J In each of the X-axis GMR elements 51 -54 and 
the Y-axis GMR elements 61-64.. the longitudinal direc- 
tion of the pinned layer PD of the magneto resistive ele- 
ment 31 matches the longitudinal direction of the per- 
manent magnet fiim 32. Herein, the magnetization di- is 
rection of the pinned layer PD is inclined by 45° relative 
to the longitudinal direction of the magneto resistive el- 
ement 31. That is, the magnetization direction of the 
pinned layer PD of the magneto resistive element 31 
forms a prescribed angle of 45° relative to the magnet- 20 
ization direction of the permanent magnet film 32. 
[0094] Next, a manufacturing method of the magnetic 
sensor 50 will be described in detail. 
[0Q95] The second embodiment is characterized by 
using two types of magnet arrays. That Is, similar to the 25 
magnetic sensor 1 of the first embodiment, spin valve 
films are formed on a reciangular-ahaped quartz glass 
in order to form permanent magnet films 32 and individ- 
ual GMR elements. 

[CQ9S] Next, as shown in FIG. 1 2, there is prepared a 30 
first mefai plate 67 having a rectangular shape in which 
a plurality of through holes 43 each having a rectangu- 
lar shaped opening are slanted by 45° and are arranged 
in paraiie! with each other, wherein a pfuraiity of bar 
magnets 68 made of rectangular-parallelopiped pemna- 35 
nent magnets whose cross-sectional shapes substan- 
tially match the opening shapes of the through holes 43 
are respectively inserted into the through holes 43 in 
such a way that the upper end surfaces thereof are ar- 
ranged substantially in the same plane in parallel with *o 
the surface of the first metal plate 67, and the adjoining 
bar magnets 68 differ from each other in polarity. 
[0097] Thereafter, similar to the first embodiment, 
there is provided a first plate made of a transparent 
quartz glass whose shape substantially matches the 45 
shape of the first metal plate 67, wherein the upper end 
surfaces of the bar magnets 68 that are arranged in par- 
aiie I with each other In the magnet array are adhered to 
the lower surface of the first plate by using a prescribed 
adhesive. At this time, alignment marks are used to es« 
tablish prescribed positioning between the first plate and 
the bar magnets 68. 

[0093] Next, the first meia! plate 67 is removed so as 
to produce a magnet array in which the bar magnets 68 
are arranged in parallel with each other, and the adjoin- ^5 
ing bar magnets 68 differ from each other in polarity. 
[0C99] There Is arranged a quartz substrate that is 
brought into contact with the upper surface of the first 



plate. That is, a prescribed positioning between the 
aforementioned quartz glass 41 and the first plate is es- 
tablished by mutually matching their alignment marks 
together. Next, a plurality of fixing members such as 
clips are used to fix the quartz glass 41 and the first plate 
together. 

[0100] The aforementioned magnet array in which the 
bar magnets 68 are arranged in parallel with each other 
results in good accuracy because even when they are 
unexpectedly shifted in position and in distance there- 
between; the magnetization directions thereof would not 
be deviated so that no dispersion occurs in an ordering 
heat treatment. 

[0101] Similar to the first embodiment, the second 
embodiment can be designed so as to provide a sub- 
strate composed of a Ne 42 Fe 58 alloy, and a metal plate 
composed of tungsten (W) in which a plurality of through 
holes conform with the exterior shapes of the bar mag- 
nets 68, wherein the substrate and the metai plate are 
adhered together so that the bar magnets 68 are respec- 
tively inserted into the through holes. 
[0102] As the magnet array, it is possible tc use vari- 
ous types of magnet arrays, other than the aforemen- 
tioned magnet array, as follows: 

(1 ) A magnet array in which bar magnets each having a 
different polarity are alternately arranged. 

[0103] As shown in FIG. 14A, a dicing saw 72 is used 
to form a plurality of slots 73, which are arranged in par- 
allel with each other with a prescribed distance therebe- 
tween, on a surface (or a main surface) 71a of a silicon 
(Si) subsirate 71 . Each of the slots 73 has a prescribed 
width that is substantially identical to the width of the bar 
magnet 88 inserted therein and is substantially identical 
to the width of the dicing saw 72. Similar to the afore- 
mentioned magnet array, the distance between the ad- 
jacent slots 73 is set to half of the length of the diagonal 
line of the quartz substrate 2. 

[0104] Then, as shown in FIG. 14B, the bar magnets 
68 are respectively inserted into the slots 73 in such a 
way that the adjoining bar magnets 68 differ from each 
other in polarity. In this case, the bar magnets 68 are 
arranged and exposed on the surface 71 a of the silicon 
substrate 71 in such a way that as shown in FIG. 1 5, the 
adjoining bar magnets 68 differ from each other in po- 
larity, wheieby poles N, S, N, ... are sequentially ar- 
ranged. As described above, it is possible to produce a 
magnet array in which the bar magnets 68 each having 
a different polarity are alternately arranged in the silicon 
substrate 71 . 

[0105] In the aforementioned magnet array, the dis- 
tance between the adjacent bar magnets 5tf is setto half 
of the length of the diagonal line of the quartz substrate 
2. Therefore, when the magnet array is mounted on the 
quartz giass 41 in such a way that, as shown in FIG. 16, 
a single bar magnet 68 is arranged to match the- diago- 
nal line of each singie ceii 75 (i.e., a region correspond 
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ing to the quartz substrate 2 divided in the subsequent 
cutting process) : its 'adjoining 1 bar magnets 68 are po- 
sitioned at opposite corners of the cell 75 to be symmet- 
rical with the diagonal line. 

(2) A magnet array in which bar magnets of the same 
polarity are arranged in parallel with each other. 

[01 06 J As shown in FIG. 1 7A, a dicing saw 72 is used 
to form a plurality of slots 73, which are arranged in par- 
allel with each other with a prescribed distance therebe- 
tween, on a surface (or a main surface) 77a of a 
Ni4 2 Fe 58 alloy substrate 77, wherein the slot 73 has a 
pr escribed width that is roughiy set identical to the width 
of the bar magnet 68 inserted therein. The distance be- 
tween the 'adjacent' slots 73 are substantially set iden- 
tical to the length of the diagonal line of the quartz sub- 
strate 2. 

[0107] Next, as shown in FIG. 1 73, the bar magnets 
68 are r espectively inserted into the slots 73 of the sub- 
strate 77 in such a way that all the adjoining bar magnets 
68 have the same poiarity. In this case, all the bar mag- 
nets 68 are arranged with the same polarity on the sur- 
face 77a of the Ni 42 Fe 58 alloy substrate 77, whereby the 
same poiarity 'N* appears in turn on the surface 77a as 
shown in FiG, 18. 

[0106] in the above, an intermediate portion of the 
NL^Fegg aiicy substrate 77 between the adjacent bar 
magnets 63 having the same polarity 'N' on the surface 
77a has an inverse poiarity, that is, polarity 'S\ That is, 
it apparently seems as it different polarities N, S. N, ... 
are sequentially arranged in a prescribed direction (i.e., 
a direction from the left to the right in FIG. 1 S) in parallel 
upon a parallel arrangement of the bar magnets 68 with 
a prescribed distance therebetween, which is substan- 
tially identical to half of the length of the diagonal line of 
the quartz substrate 2. 

[Q109] As described above, it is possible to produce 
a magnet array in which the bar magnets 68 having the 
same polarity are arranged in parallel with each other in 
the Ni 42 Fe 58 alloy substrate 77. 

[0110] In the aforementioned magnet array, the dis- 
tance between the adjacent bar magnets 68 is set to be 
identical to the length of the diagonal line of the quartz 
substrate 2. That is, when the magnet array is mounted 
on the quartz glass 41 in such a way that a single- bar 
magnet 68 is arranged on the diagonal line of a single 
ceil 75 as shown in FIG. 1 9, each of the corners of the 
ceil 75 that iie symmetrically with respect to the diagonal 
line matches a line segment 76 that is drawn at a posi- 
tion equally dividing the distance between the adjacent 
bar magnets 68. Herein, each of the positions of the line 
segments 76 that respectively cross the opposite cor- 
ners of the eel! 75 and are drawn to be symmetric with 
respect tc the diagonal line of the cell 75 corresponds 
to a different polarity (i.e., "S") that differs from the polar- 
ity V of the bar magnet 65. That is, it apparently seems 
as if magnets having the polarity 'S' are arranged on the 



corners of the cell 75. 

[0111] In the aforementioned magnet array ; it is pos- 
sible to reliably prevent the bar magnets 68 from attract- 
ing each other and failing over or from unexpectedly ro- 
5 tating by themselves. Therefore, it is possible to fix the 
bar magnets 68, which cannot be fixed using a thin metal 
plate, at prescribed positions with ease and with good 
accuracy. 

[0112] Thereafter, the pinning layer PN within the pin 
10 layer of the magnetoresistive eiement 31 is subjected to 
an ordering heat treatment. 

[0113] First, as shown in FiG. 20, three bar magnets 
68 are arranged with a prescribed distance therebe- 
tween to be inclined by 45° relative to a prescribed side 

15 of the quartz glass 41 in such a way that the adjoining 
bar magnets 68 differ from each other in polarity. 
[0114] In this case, a prescribed magnetic fieid is es- 
tablished in a direction from one adjacent bar magnet 
68 to the other, wherein the magnetic field is inclined by 

20 45 0 relative to the prescribed side of the quartz substrate 
2, so that a magnetic field is applied in a direction in- 
clined by 45° with respect to the longitudinal direction of 
each spin valve film M. 

[0115] Next, the quartz glass 41 and the aforemen- 
25 tioned plate are fixed together using the fixing members, 
and are subjected to a heat treatment under a vacuum 
state for four hours at a prescribed temperature ranging 
from 25G°C to 280°C : for example. 
[01 1 6] Thus, it is possible to perform an ordering heat 
30 treatment on the pinning layers of the magneto resistive 
elements 31 incorporated in eacn of in e X-axis GMR e! 
ements 51-54 and the Y-axis GMR elements CI -64. 
Then, similar to the first embodiment, the spin va've lay- 
ers are subjected to patterning. As a result, it Is possible 
35 to produce the magnetic sensor 50 in which the X-axis 
sensing direction F1 and the Y-axis sensing direction F2 
lie in the pinned layers P of the magnetoresistive ele- 
ments 31 as shown in FIG. 21 . 

[0117] Thereafter, as shown in FIG. 22, a magnet ar- 

40 ray whose constitution is similar to the constitution of 
the magnet array used in the first embodiment is used 
to magnetize the permanent magnet films 32. 
[0118] In the above, similar to the first embodiment, 
the permanent magnets 45 are arranged on the four cor- 

45 ners of the quartz substrate 2, which is divided by the 
subsequent cutting process, in such a way that the ad- 
joining permanent magnets 45 differ from each other in 
poiarity, whereby a magnetic field is established from 
one permanent magnet 45 of the N pole to the other per- 

50 manent magnet 45 of the S pole. This magnetic field is 
effected in parallel with each single side of the quartz 
substrate 2; hence, it is possible to establish a magnetic 
field in a direction substantially matching ine longitudinal 
direction of each permanent magnet fiim 32. 

55 [0119] As described above, it is possible to produce 
the magnetic sensor 50 in which the free layers F of the 
pin layers of the magnetoresistive elements 31 are ini- 
tialized in magnetization, and the permanent magnets 
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films 32 are adequately magnetized. 
[0120] The magnetic sensor 50 of the second embod- 
iment employs the same bridge connection adapted to 
the magnetic sensor 1 of the first embodiment. In short, 
the second embodiment can offer the same effects re- 
alized in the aforementioned first embodiment. 

3. Third Embodiment 

[0121] The second embodiment uses the magnet ar- 
ray whose constitution is ideniicai to the constitution of 
the magnet array used in the first embodiment so as to 
adequately attach the permanent magnets 45 and to 
magnetize the permanent magnet films 32. Herein, the 
magnetization of the permanent magnet films 32 can be 
realized directly using the aforementioned magnet array 
that is used in the ordering heat treatment in the second 
embodiment without changing the arranging positions 
of the magnets. 

[0122] In this magnetization, a magnetic field is estab- 
lished along the diagonal line of the quartz substrate 2, 
which is divided in the subsequent cutting process, and 
in a direction inclined by 45° relative to one side of the 
quartz substrate 2. Therefore, a magnetic field is applied 
to the permanent magnet film 32 whose longitudinal di- 
rection is set in parallel with one side of the quartz sub- 
strate 2 in a direction 45 c inclined relative to the longi- 
tudinal direction of the permanent magnet 32. 
[0 1 23 J In this case, the terminal end of the free iayer 
F Is initialized in a direction identical to the magnetiza- 
tion direction of the permanent magnet film 32. In gen- 
era!,, the initialization direction of the free layer F Is 
aligned in the icngitudinai direction due to shape anisct- 
ropy. For this reason, each of the GMR elements is Ini- 
tialized in magnetization along the longitudinal direction 
thereof, which is set in parallel with a prescribed side of 
the quartz substrate 2. 

[0124] As described above, it is possible to produce 
a magnetic sensor of the third embodiment in which the 
free iayer F of the magneto resistive element 31 is ini- 
tialized in magnetization, and the permanent magnet 
film 32 is adequately magnetized. 
[0125] The third embodiment allows a small loss at 
the terminal end of the free iayer F, which may slightly 
deteriorate the sensitivity compared with the second 
embodiment; however, the third embodiment is de- 
signed in such a way that the magnetization direction is 
set similar to the first embodiment; hence, it is possible 
to noticeably reduce offset variations even when an in- 
tense external magnetic field is applied to the magnetic 
sensor. 

4, Fourth Embodiment 

[0126] FIG, 23 is a plan view showing a magnetic sen- 
sor in accordance with a fourth embodiment of the in - 
vention, wherein, similar to the aforementioned embod- 
iments, a magnetic sensor 81 of the fourth embodiment 



is constituted using GMR elements and permanent 
magnet films formed on a quartz substrate 2. Herein, 
the magnetic sensor 81 differs from the magnetic sensor 
50 of the second embodiment, in which the X-axis GMR 

5 elements 51 -52 are arranged in parallel with each other 
in proximity to the midpoint of one side of the quartz sub- 
strate 2 lying in the negative direction of the X-axis, and 
the Y-axis GMR elements 63-64 are arranged in parallel 
with each other in proximity to the midpoint of the other 

io side of the quartz substrate 2 lying in the negative direc- 
tion of the Y-axis, such that in order to cancel the sen- 
sitivities realized by the X-axis GMR elements 51-52 
and the Y-axis GMR elements 63-64, they are arranged 
substantially in the center of the quartz substrate 2 and 

15 are inclined by 45° relative to a prescribed side of the 
quartz substrate 2. 

[0127] In the manufacture of the magnetic sensor 81 , 
the pinning layers of the magneto resistive elements 31 
are subjected to an ordering heat treatment in which the 

20 quartz glass 41 is heated for four hours in a vacuum 
state at a prescribed temperature ranging from 250° C 
to 280°C, for example, wherein a magnetic field is ap- 
plied in a direction parallel to the X-axis GMR elements 
51-52 and the Y-axis GMR elements 63-64. That is, as 

25 shown in FIG. 24, it is preferable that a magnetic field 
having uniform intensity be applied along the longitudi- 
nal directions cf the X-axis GMR elements 51-52 and 
the Y-axis GMR elements 63-64 and in a direction from 
the lower ieft to ihe upper right. 

30 [0128] Similar to the aforementioned embodiments, 
ihe magnetic sensor 81 is subjected to magnetization 
by fixing the quartz glass and plate together. 
[0129] As described above, it is pcssibie to initialize 
the free layers F cf the magnetoresistjve elements 31 

35 incorporated in the X-axis GMR elements 51 -54 and the 
Y-axis GM R elements 61 -64 and to adequately magnet- 
ize the permanent magnet films 32. Thus, it is possible 
to produce the magnetic sensor 81 in which the pinned 
layers PD of the magnetoresistive elements 31 and the 

40 permanent magnet films 32 are adequately magnetized. 
[0130] As shown in FIG. 25, the aforementioned mag- 
netic sensor 81 presents an X-axis sensing direction F1 
and a Y-axis sensing direction F2 with respect to the 
pinned layers PD of the magnetoresistive elements 31 , 

45 except for the magnetoresistive elements 31 incorporat- 
ed in the GMR elements 51 -52 and 63-64 arranged sub- 
stantially in the center of the quartz substrate 2. 
[0131] The bridge connections of the GMR elements 
incorporated in the magnetic sensor 81 are identical to 

50 those of the magnetic sensor 1 of the first embodiment. 
Therefore, the fourth embodiment can offer effects sim- 
ilar to those of the first embodiment. 

5 Fifth Embodiment 

55 

[0132] The fifth embodiment is basically identical to 
the fourth embodiment but is characterized in that the 
aforementioned magnet array is not used but a uniform 
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magnetic field is applied in order to magnetize the per- 
manent magnet films 32 similar to the aforementioned 
ordering heat treatment. 

[0133] Herein, the magnetization of the permanent 
magnet films 32 will be described in detail. 
[0134] That is, a uniform magnetic field whose inten- 
sity is uniform is applied in a direction from the lower left 
to the upper right In FIG, 24 similar to the aforemen- 
tioned ordering heat treatment. 

[0135] With respect to the X-axis GMR elements 
53-54, which are arranged in parallel with one side of 
the quartz glass 41 , and the Y-axis GMR elements 
Si -62, which are arranged in parallel with the other side 
of the quartz substrate 41 , a magnetic field is appiied 
along the diagonal line of the quartz substrate 2, which 
is divided by the subsequent cutting process, and in a 
direction inclined by 45° relative to each side of the 
quartz substrate 2. That is, a magnetic field is applied 
tc each of the pennanent magnet films 32 whose longi- 
tudinal directions are parallel to prescribed sides of the 
quartz substrate 2 in a direction inclined by 45° relative 
io each of the longitudinal directions of the permanent 
magnet films 32. 

[0136] The terminal end of the free layer F is initialized 
in a direction identical to the magnetization direction of 
the permanent magnet 32, wherein the free layer F is 
magnetized in the longitudinal direction thereof due to 
chape anisoiropy thereof, so that the free layer F is ini- 
tialized in magnetization in the longitudinal direction ot 
the corresponding GMB element, that is, along the pre- 
scribed side of the quartz giass 4i . 
[0137] The fifth embodiment allows a small loss at the 
terminal end of the free layer F f which may slightly re- 
duce the sensitivity compared with the sensitivity of the 
magnetic sensor of the second embodiment; however, 
the fifth embodiment is designed to realize the same 
magnetization direction(s) actualized in the first embod- 
iment; hence, it is possible to noticeably reduce offset 
variations even when an intense external magnetic field 
is applied to the magnetic sensor. 
[0138] FIG. 43 shows the results of a comparison be- 
tween the magnetic sensor of this invention (i.e. : Em- 
bodiments 1 -5) and the foregoing magnetic sensor (i.e. , 
Comparative Example), wherein Embodiment 1 corre- 
sponds to the magnetic sensor 1 of the first embodi- 
ment; Embodiment 2 corresponds to the magnetic sen- 
sor 50 or the second embodiment; Embodiment 3 cor- 
responds to the magnetic sensor of the third embodi- 
ment; Embodiment 4 corresponds to the magnetic sen- 
sor 81 of the fourth embodiment; and Embodiments cor- 
responds to the magnetic sensor of the fifth embodi- 
ment. 

[0139] FiG. 43 shows that compared with the Com- 
parative Example, all the magnetic sensors of Embodi- 
ments 1 -5 are superior in the resistant characteristics to 
an intense magnetic field, in each of Embodiments 1-5 
compared with the Comparative Example, it is possible 
to reduce offset variations after exposure of a magnetic 



field of 100 Oe, which shows the resistant characteris- 
tics to an intense magnetic field. 

[0140] Each of Embodiments 1 -5 may be reduced in 
sensitivity compared with the Comparative Example in 
5 which the longitudinal direction of the GMR element 
crosses at a right angle to the magnetization direction 
of the pinned layer realized in the ordering heat treat- 
ment; however, it can be said that each of them presents 
the good resistant characteristics to an intense magnet- 
ic ic field. 

[0141] in addition, It can be said that, compared with 
Embodiments 2 and 4 in which the magnetization direc- 
tion of the permanent magnet film differs from the mag- 
netization direction of the pinned layer realized in the 

15 ordering heat treatment, Embodiments 1, 3, and 5, in 
which the magnetization direction of the permanent 
magnet film is identical to the magnetization direction 
realized in the ordering heai treatment, can offer the 
good resistant characteristics to an intense magnetic 

20 field. 

[0142] In each of Embodiments 1, 3 and 5 in which 
the magnetization direction of the permanent magnet 
film does not match the longitudinal direction of the GMR 
element (i.e., the longitudinal direction of the free layer), 

25 the terminal end of the free layer is magnetized in the 
magnetization direction of the permanent magnet film; 
hence, a small loss may occur so as to slightly reduce 
the sensitivity. However, variation ratios with respect to 
the sensitivity are small because of the 'good' resistant 

30 characteristics to an intense magnetic field. 

[0143] As described heretofore, this invention has a 
variety of effects and technical features, which wili be 
described below. 

35 (1) A magnetic sensor of this invention is character- 
ized in that the magnetization direction of a pinned 
layer of a magnetoresistive element forms a pre- 
scribed angle of 45° relative to the longitudinal di- 
rection of the magnetoresistive element; therefore, 

40 even when an intense magnetic field is applied, it is 
possible to reliably suppress offset variations of the 
bridge connections of the GMR elements; hence, it 
is possible to noticeably improve the resistant char- 
acteristics to an intense magnetic field. 

45 (2) In addition, it is possible to modify the magnetic 
sensor in such a way that the magnetization direc- 
tion of a pinned iayer of a magnetoresistive element 
forms a prescribed angle of 45° relative to the mag- 
netization direction of a permanent magnet film, 

50 whereby even when an intense magnetic field is ap- 
plied, it is possible to reiiabry suppress offset varia- 
tions of the bridge connections of the GMR ele- 
ments; hence, it is possible to noticeably improve 
the resistant characteristics to an intense magnetic 

55 field. 

(3) According to a manufacturing method of the 
magnetic sensor of this invention, an ordering heat 
treatment Is performed using a magnet array in 
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which a plurality of permanent magnets are ar- 
ranged in such a way that adjoining permanent 
magnets differ from each other in polarity, wherein 
a substrate is arranged on the magnet array such 
that the permanent magnets are positioned to re- 5 
spectively or selectively match the four corners of a 
ce\\ within the substrate, which is then heated. Here- 
in, the permanent magnet films are magnetized by 
arranging the substrate on the magnet array without 
changing the relative positional relationship there- 10 
between; therefore, iiss possible to initialize the free 
layer of the magnetoresistive element and to mag- 
netize the permanent magnet film with ease. As a 
result, it is possible to produce the magnetic sensor, 
in which the magnetization direction of the magne- is 
toresistlve element forms a prescribed angle of 45° 
relative to the magnetization direction of the perma- 
nent magnet film, by simple processes with ease. 

(4) !t is possible to modify the manufacturing meth- 
od in such a way that the ordering heat treatment is 20 
performed by heating the substrate in which the 
magnetization direction of the pinned layer substan- 
tially matches the diagonal line of the cell within the 
substrate, wherein the permanent magnet films are 
magnetized by arranging the substrate on the mag- 25 
net array in which adjoining permanent magnets are 
arranged to differ from each other in polarity, where- 
by St is possible to initialize the free layer of the mag- 
netoresistive element and to magnetize the perma- 
nent magnet film with ease. Thus, it is possible to so 
produce the magnetic sensor, in which the magnet- 
ization direction of the pinned layer of the magne- 
toresistive element forms a prescr ibed angle of 45° 
relative to the magnetization direction of the perma- 
nent magnet film, by simple processes with ease. 35 

(5) it is possible to further modify the manufacturing 
method in such a way that the ordering heat treat- 
ment is performed by heating the substrate in which 
the magnetization direction of the pinned layer 
matches the diagonal line of the cell within the sub- 40 
strate, wherein the permanent magnet films are 
magnetized by arranging the substrate such that 

the magnetization direction of the pinned layer sub- 
stantially matches the diagonal line of the cell, 
whereby it is possible to initialize the free layer of 45 
the magnetoresistive element and to magnetize the 
permanent magnet film with ease. Thus, it is possi- 
ble to produce the magnetic sensor. In which the 
magnetization direction of the pinned layer of the 
magnetoresistive element forms a prescribed angle so 
ot 45° relative to the magnetization direction of the 
permanent magnet film, by simple processes with 
ease. 

[0144} As this invention may be embodied in several 55 
forms without departing from the spirit or essential char- 
acteristics thereof, the present embodiments are there- 
fore illustrative and not restrictive, since the scope of the 



invention is defined by the appended claims rather than 
by the description preceding them, and all changes that 
fall within metes and bounds of the claims, or equiva- 
lents of such metes and bounds are therefore intended 
to be embraced by the claims. 



Claims 

1 . A magnetic sensor comprising: 

a substrate (2); 

at ieast one magnetoresistive element (31) 
formed on the substraie; and 
at least one pair of permanent magnet films (32) 
that are connected to both ends of the magne- 
toresistive element, so that a magnitude of an 
externa! magnetic field is detected based on a 
magnetoresistive effect of the magnetoresis- 
tive element, 

wherein a magnetization direction of a pinned 
layer (PD) of the magnetoresistive element forms a 
prescribed angle of 45° relative to a longitudinal di- 
rection of the magnetoresistive element. 

2. A magnetic sensor comprising: 

a substrate (2): 

at least one magnetoresistive element (31) 
formed on the substrate; and 
at least one pair of permanent magnet films (32) 
that are connected to both onds of the magne- 
toresistive element ; so that a magnitude of an 
external magnetic field is detected based on a 
magnetoresistive effect of the magnetoresis- 
tive element, 

wherein a magnetization direction of a pinned 
layer (PD) of the magnetoresistive element forms a 
prescribed angle of 45° relative to a direction of 
magnetizing the permanent magnet film. 

3. A magnetic sensor according to claim 1 , wherein 
the magnetization direction of the pinned layer, 
which is pinned by a pinning layer (PN) upon an or- 
dering heat treatment of the magnetoresistive ele- 
ment is substantially identical to a magnetization 
direction of the permanent magnet film after being 
magnetized. 

4. A magnetic sensor according tc claim 2, wherein 
the magnetization direction of the pinned layer 
which is pinned by a pinning layer (PN) upon an or- 
dering heat treatment of the magnetoresistive ele- 
ment, is substantially identical to a magnetization 
direction of the permanent magnet film after being 
magnetized. 
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5. A magnetic sensor according to claim 1 or 3, where- 
in a magnetization direction of the permanent mag- 
net film after being magnetized is substantially iden- 
tical to a longitudinal direction of a free layer (F) of 
the magneto resistive element. 5 

6. A magnetic sensor according to claim 2 or 4, where- 
in a magnetization direction of the permanent mag- 
net film after being magnetized is substantially iden- 
iicai to a longitudinal direction of a free layer (F) of io 
the magnetoresistive element. 

7. A magnetic sensor comprising: 

a quartz substrate (2) having a roughly square 15 
shape; 

a first X-axis GMR element (11 , 12) that is ar- 
ranged in proximity to a first side of the quartz 
substrate perpendicular to an X-axis and is in- 
clined by a prescribed angle relative to the first 20 
side; 

a second X-axis GMR element (13, 14) that is 
arranged in proximity to a second side of the 
quartz substrate, which is opposite to the first 
side and is perpendicular to the X-axis : and is 2s 
inclined by the prescribed angle relative to the 
second side; 

a first Y-axis GMR element (21 , 22) that is ar- 
ranged in proximity to a third side of the quartz 
substrate perpendicular to a Y-axis and is in- so 
dined by the prescribed angle relative to the 
third side; 

a second Y-axis GMR element (23, 24) ihat Is 
arranged in proximity to a fourth side of the 
quartz substrate, which is opposite to the third ss 
side and is perpendicular to the Y-axis, and is 
inclined by the prescribed angle relative to the 
fourth side; 

a first pair of permanent magnet films (32) that 
are connected to both ends of the first X-axis 40 
GMR element and are longitudinally aligned in 
parallel with the first side of the quartz sub- 
strate; 

a second pair of permanent magnet films (32) 
that are connected to both ends of the second *5 
X-axis GMR element and are longitudinally 
aligned in parallel with the second side of the 
quartz substrate; 

a third pair of permanent magnet films (32) that 
are connected to both ends of the first Y-axis so 
GMR element and are longitudinally aligned in 
parallel with the third side of the quartz sub- 
strate; and 

a fourth pair of permanent magnet films (32) 
that are connected tc both ends of the second 55 
Y-axis GMR element and are 'longitudinally 
aligned in parallel with the fourth side of the 
quartz substrate. 



8. A magnetic sensor according to claim 7, wherein 
the prescribed angle is set to 45°. 

9. A magnetic sensor comprising: 

a quartz substrate (2) having a roughly square 
shape; 

a first X-axis GMR element (51 , 52) ihat is ar- 
ranged in proximity to and in parallel with a first 
side of the quartz substrate perpendicular to an 
X-axis: 

a second X-axis GMR element (53, 54) that is 
arranged in proximity to and in parallel with a 
second side of The quarts substrate, which is 
opposite to the first side and is perpendicular 
to the X-axis; 

a first Y-axis GMR element (61 , 62) that is ar- 
ranged in proximity to and in paraliel with a third 
side of the quartz substrate perpendicular to a 
Y-axis; 

a second Y-axis GMR element (23, 24) that is 
arranged in proximity to and in parallel with a 
fourth side of the quartz substrate, which is op- 
posite to the third side and is perpendicular to 
the Y-axis; 

a first pair of permanent magnet films (32) that 
are connected tc both ends of the first X-axis 
GMR element and are longitudinally aligned in 
parallel with the first side of the quartz sub- 
strate; 

a second pair of permanent magnet films (32) 
that are connected to both ends of the second 
X-axis GMR element and are longitudinally 
aligned in parallel with the second side of the 
quartz substrate; 

a third pair of permanent magnet films (32) that 
are connected to both ends of the first Y-axis 
GMR element and are longitudinally aligned in 
parallel with the third side of the quartz sub- 
strate; and 

a fourth pair of permanent magnet films (32) 
that are connected to both ends of the second 
Y-axis GMR element and are longitudinally 
aligned in parallel with the fourth side of the 
quartz substrate. 

10. A magnetic sensor comprising: 

a quartz substrate (2) having a roughly square 
shape; 

an X-axis GMR element (53 , 54) that is ar- 
ranged in proximity to and in parallel with a first 
side of the quartz substrate perpendicular to an 
X-axis; 

a Y-axis GMR element (61 , 62) that is arranged 
in proximity to and in parallel with a second side 
of the quartz substrate perpendicular to a Y-ax- 
is; 
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a first pair of permanent magnet films (32) that 
are connected to both ends of the X-axis GMR 
element and are arranged in parallel with the 
first side of the quartz substrate; and 
a second pair of permanent magnet films (32) 5 
that are connected to both ends of the Y-axis 
GMR element and are arranged in parallel with 
the second side of the quartz substrate. 

11. A magnetic sensor according to claim 7, wherein 10 
the permanent magnet films are magnetized using 

at least four permanent magnets (45), which are ar- 
ranged in conformity with four corners of the quartz 
substrate in such a way that adjoining permanent 
magnets differ from each other in polarity. is 

12. A magnetic sensor according to claim 9, wherein 
the permanent magnet films are magnetized using 
at ieast three permanent magnets (68), which are 

en a diagonal iine and two opposite corners of the 20 
quartz substrate in such a way that adjoining per- 
manent magnets differ from each other in polarity. 

13. A magnetic sensor according to claim 9, wherein 

the permanent magnets films are magnetized using 25 
at leasi three permanent magnets (68) of the same 
polarity, in which one permanent magnet Is ar- 
ranged cn a diagcnal iine of the quartz substrate 
and the other two permanent magnets are respec- 
tively distanced from opposite two corners of the so 
quartz substrate, so that a distance between adja- 
cent permanent magnets is set to be identical to a 
length of the diagonal line of the quartz substrate. 

14. A magnetic sensor according to claim 1 0, wherein 35 
the permanent magnet films are magnetized by a 
magnetic field effected in a direction along a diag- 
onal line of the quartz substrate. 

15. A manufacturing method of a magnetic sensor, *o 
comprising the steps of: 

forming a plurality of permanent magnet films 
(32) on a substrate (41); 

forming a plurality of spin valve films each com- 45 

posed of a pinning layer (PN), a pinned layer 

(PD), and a free layer (F); 

subjecting the pinning layerto an ordering heat 

treatment; 

patterning the plurality of spin valve layers to so 
form a plurality of magnetoresistive elements 
(31), which are arranged in such a way that the 
plurality of permanent magnet films are paired 
and are respectively connected to both ends of 
the magnetoresistive elements; and 55 
magnetizing the plurality of permanent magnet 
films, 



wherein the ordering heat treatment is per- 
formed using a magnet array in which a plurality of 
permanent magnets (45) are respectively arranged 
in conformity with four corners of a cell (2) of the 
substrate such that adjoining permanent magnets 
differ from each other in polarity, and then the sub- 
strate is heated, and 

wherein the plurality of permanent magnet 
rilms are magnetized by arr anging the substrate cn 
the magnet array without changing a relative posi- 
tional relationship therebetween. 

16, A manufacturing method of a magnetic sensor, 
comprising the steps of: 

forming a plurality of permanent magnet films 
(32) on a substrate (41); 
forming a plurality of spin valve films each com- 
posed of a pinning layer (PN), a pinned layer 
(PD), and a free layer (F); 
subjecting the pinning layer to an ordering heai 
treatment; 

patterning the plurality of spin valve layers to 
form a plurality of magnetoresistive elements 

(31) , which are arranged in such a way that the 
plurality of permanent magnet films are paired 
and are respectively connected to both ends of 
the magnetoresistive elements; and 
magnetizing the plurality of permanent magnet 
films . 

wherein the ordering heat treatment is per- 
formed by arranging the substrate in such a way 
that a magnetization direction therefor substantially 
matches a diagonal line of a cell (2) of the substrate, 
which is then heated, and 

wherein the plurality of permanent magnet 
films are magnetized by arranging the substrate on 
a magnet array in which a plurality of permanent 
magnets (68) are arranged such that adjoining per- 
manent magnets differ from each other in polarity. 

17. A manufacturing method of a magnetic sensor, 
comprising the steps of: 

forming a plurality of permanent magnet films 

(32) on a substrate (41); 

forming a plurality of spin valve films each com- 
posed of a pinning layer (PN), a pinned layer 
(PD); and a free layer (F): 
subjecting the pinning layer to an ordering heat 
treatment: 

patterning the plurality of spin valve layers to 
form a plurality of magnetoresistive elements 
(31), which are arranged in such a way that the 
plurality of permanent magnet films are paired 
and are respectively connected to both ends of 
the magnetoresistive elements; and 
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magnetizing the plurality of permanent magnet 
films, 

wherein the ordering heat treatment is per- 
formed by arranging the substrate in such a way 5 
that a magnetization direction therefor substantially 
matches a diagonal line of a cell (2) of the substrate, 
which is then heated, and 

wherein the plurality of permanent magnet 
films are magnetized by arranging the substrate in 10 
such a way that the magnetization direction therefor 
substantially matches the diagonal line of the cell of 
the substrate. 
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